An antigen was isolated from deoxycholatesolubilized rabbit testis and sperm by using an immunosorbent column containing IgG from a monoclonal antibody (8C10.5) that inhibits fertility. Elution was by stepwise increases in pH (8.0, 10.0, and 11.4), with the pH 11.4 fraction after recycling through the column showing a single band at 63 kilodaltons in slab NaDodSO4/PAGE with a silver stain. The antigen molecule was composed of two subunits, which on two-dimensional PAGE showed many spots within the same molecular size range (50-70 kilodaltons) but differing in charge. The antigen isolated either from testis or sperm showed mainly the same spots. The antigen is periodic acid/Schiff positive and contained 21% carbohydrate. An asialo-derivative of the antigen did not change its characteristics on NaDodSO4/PAGE. This glycoprotein resolved into two types of polypeptides, those binding and those not binding to a lens culinaris lectin column; some of the polypeptides appeared common to both fractions. Murine antiserum against the antigen neither agglutinated nor immobilized rabbit sperm but in immunofluorescence reacted with the plasma membrane of viable rabbit sperm as well as with murine and human sperm. Fertilization offemale rabbits inseminated with treated sperm was not affected, but, by 9 days, fertility was significantly reduced (21% of controls). The postfertilization antifertility effect was not due to parthenogenic activation or to polyspermy. The antiserum reacted with one specific band in the one-and two-dimensional gel electrophoretic transfer blot procedure and was unaffected by absorption with different somatic tissues.
glycoprotein resolved into two types of polypeptides, those binding and those not binding to a lens culinaris lectin column; some of the polypeptides appeared common to both fractions. Murine antiserum against the antigen neither agglutinated nor immobilized rabbit sperm but in immunofluorescence reacted with the plasma membrane of viable rabbit sperm as well as with murine and human sperm. Fertilization offemale rabbits inseminated with treated sperm was not affected, but, by 9 days, fertility was significantly reduced (21% of controls). The postfertilization antifertility effect was not due to parthenogenic activation or to polyspermy. The antiserum reacted with one specific band in the one-and two-dimensional gel electrophoretic transfer blot procedure and was unaffected by absorption with different somatic tissues.
Antigenicity of sperm cells has been well documented and implicated in involuntary immunological infertility in human couples (1) . Experimentally, female animals immunized with preparations of isologous sperm or testis have reduced fertility (2, 3) . However, use of whole sperm or testicular homogenate is undesirable because of the presence of some antigens shared with somatic tissues. Recently, attempts have been made to isolate and purify biochemically different antigens from sperm and testes and to investigate their immunologic effect on reproduction in female animals. Immunization with testis-specific lactate dehydrogenase (LDH-C4) purified from mouse testes has been shown to reduce fertility in mice, rabbits, and baboons (4) . In spite of the use of strong potentially toxic adjuvants like complete Freund's adjuvant, which are nonpermissible for humans, fertility has been reduced but not completely blocked. Acrosin and hyaluronidase, enzymes purified from the acrosomes of sperm and involved in the fertilization process (5) , have proved to be less than promising candidates for a potential antipregnancy vaccine (6, 7). Antisera against a plasma membrane antigen (RSA-1) isolated from rabbit sperm and testes reduced but did not completely block fertility in females upon artificial insemination of treated sperm (8) .
Attempts are being made to develop new diagnostic methods for immunoinfertility and contraceptive sperm antigen vaccines for human fertility control. We reported a monoclonal antibody that, following treatment of sperm, resulted in a significant reduction of fertility in rabbits (9) . This monoclonal antibody recognized a sperm/testis antigen of 63 kilodaltons (kDa) by a NaDodSO4 gel/protein blot enzyme immunobinding procedure.
The present study describes the isolation of the 63-kDa antigen from rabbit testis and sperm by using monoclonal antibodies, biochemical and immunological characterization of the purified antigen, and the effect of its antiserum on fertility in the rabbit.
MATERIALS AND METHODS
Rabbits used for the study were of the random-bred New Zealand White strain. Semen samples of good quality obtained with an artificial vagina from three or more bucks were pooled for use in antigen preparation or artificial insemination. The sperm cells were prepared for antigen solubilization as described (9 testis (containing 1.5-2.5 mg of protein) and incubated for 3 hr at room temperature or overnight at 40C. Elution was done in a stepwise manner, first at pH 10, to eliminate loosely bound proteins, and then at pH 11.4 , to obtain the antigen. The eluted fractions were neutralized with solid glycine, pooled within each pH group, concentrated, and dialyzed against Tris HCl (0.05 M, pH 7.5) .
To further purify the antigen, the concentrated pH 11.4 fraction was reapplied to the affinity column and fractionated again stepwise as described above.
Protein concentration was routinely determined by the method of Lowry et al. (13) with bovine serum albumin as a standard.
Carbohydrate concentration was measured by the phenol/ sulfuric acid colorimetric method (14) . To confirm the glycoprotein nature, the interaction was studied of the purified antigen with a lectin (lens culinaris) bound to Sepharose 4B (Pharmacia). The antigen solution (750 ug of protein) was applied to the lectin column equilibrated with a 0.05 M Tris-HC1 buffer (pH 8.0) containing 0.5% DOC and 0.5 M NaCl. After elution with 10% methyl-D-mannoside in the equilibration buffer, fractions were collected, pooled, concentrated with sucrose, dialyzed against Tris'HCl buffer (0.05 M, pH 8), and examined by PAGE. An asialo-derivative of the antigen was prepared by the method of Moyle et al. (15) .
PAGE was performed by the method of Laemmli (16) with 10% slab gels. Calibration of the gel was done with a mixture of proteins ofJnown molecular size (Bio-Rad). After electrophoresis, gels either were stained with 0.1% Coomassie brilliant blue R-250 in 10% trichloroacetic acid and destained in 10% acetic acid containing 2-40% methanol with silver nitrate stain (Upjohn), or with periodic acid/Schiff stain (17) .
For two-dimensional (2D) gel electrophoresis, samples were diluted (1:1) with solubilization solution containing 9 M urea, 2% Nonidet P-40, 2% 2-mercaptoethanol, and 2% (pH 3.5-10) Ampholines (LKB). Solubilized samples were applied to first-dimension gels (pH 3.5-10 Ampholines) prepared by using the Anderson's ISO system (18) . After focusing (15 hr at 1,200 V and 2 hr at 1,500 V), gels were extruded from the tubes and equilibrated. Second-dimension NaDodSO4 gels were prepared by using an 11.25-13.75% acrylamide gradient (19) . After electrophoresis, gels were stained with Coomassie blue in ethanol/acetic acid/water (10:1:9) and destained in the same solution, with each change having a decreasing concentration of ethanol. The gels were then stained by a sensitive silver method described by Sammons et al. (20) .
Protein blots of gels after electrophoresis [one-dimensional (iD) or 2D] were done either by passive transfer (21) or electroblotting (22) . The antigen bands were immunologically detected (9) . Antisera were raised in virgin BALB/c female mice injected intraperitoneally once weekly for 3 wk with 0.1 ml of rabbit testis antigen preparation (100 ,g of protein). The first injection was with complpte Freund's adjuvant, and booster injections were with inc8mplete adjuvant. Two weeks after the last injection, the animals were bled by retro-orbital puncture. Ascites were also collected-from a few mice by giving three intraperitoneal injections of antigen emulsified with complete Freund's adjuvant. Negative control sera were from mice injected with saline and the positive sera were from mice immunized against rabbit epididymal sperm or testis.
Antibodies were detected by the methods of sperm immobilization (23), gelatin agglutination (24), indirect immunofluorescence (25) , and electrophoretic transfer blot. Indirect immunofluorescence was used to study the immunological crossreaction of the ascites fluid with blastocysts obtained 4 days after insemination as described (25) . The antifertility effects of the antisera were evaluated in rabbits as reported (9) .
To determine organ specificity, antisera were absorbed with rabbit testes, washed ejaculated sperm, epididymal sperm, brain tissue, or spleen cells on a 1:1 packed cell (vol/ vol) basis or with 25 mg of liver and kidney powder per ml basis, at 37°C for 1 hr, followed by overnight incubation at 4°C in incubation buffer (containing 0.05% Nonidet P-40) to reduce 'the nonspecific absorption. The ability of the absorbed antisera to bind antigen was determined in the NaDodSO4 gel/protein blot enzyme immunobinding procedure.
The ability of mouse antisera to bind viable and methanolfixed murine epididymal sperm and ejaculated human sperm was determined by indirect immunofluorescence (25) . To further evaluate species crossreactions, a murine testis preparation (15 mM DOC extract) was passed through the affinity column and the fractions were examined as described for rabbit testis preparations.
RESULTS
Stepwise elution of the bound sperm/testis proteins on the immunoaffinity column first at pH 10 and then at pH 11.4 showed a protein profile on NaDodSO4/PAGE as illustrated in Fig. 1 . At least three proteins eluted at pH 10 and one protein eluted at pH 11.4. Silver staining of this latter fraction (pH 11.4), which showed one band with Coomassie staining, revealed two major bands and one or two minor bands. The silver stained 2D gel run with the same fraction contained "50 well-resolved spots. Although there were several high molecular mass spots (=80 kDa or greater) and one distinct spot at ==25-30 kDa, the majority of spots were between 45 and 70 kDa. When the pH 11.4 eluate was recycled and again eluted stepwise, the pH 11.4 fraction was comparatively pure. 1D electrophoresis of this recycled fraction showed a single band with Coomassie as well as with silver staining (Fig. 2) . The size of this single protein as determined by comparing its relative mobility to standard proteins was -63 kDa in the 10% gel. On reduction, this antigen showed two bands of similar size (Fig. 3a) . 2D gel electrophoresis of this reduced sample revealed spots primarily in the 50-70 kDa range. Several lines of spots of the same size but differing in charge were observed.- (Fig. 3b) . Although these appeared to be individual spots, all wpre connected by stained material and did not focus sharply.
2D electrophoretic separation of sperm proteins solubilized in DOC (Fig. 4) resemblance to that of DOC-solubilized testis (Fig. 5) . Sperm showed a greater number of low molecular mass polypeptides as compared to the testis. However, the 2D PAGE pattern of recycled sperm polypeptides clearly resembled the 2D PAGE pattern of purified testis polypeptides. The sperm pattern showed additional lower molecular mass species with additional spots of different charge at each size, suggesting that secondary modifications of the protein may occur with sperm maturation.
The protein stained on a 1D gel with periodic acid/Schiff stain and revealed only one band. The phenol/sulfuric acid method indicated -21 mg of carbohydrate content per 100 mg of protein. Running the antigen through the lectin column gave two peaks: an unretained fraction and the fraction eluted with methyl-D-mannoside, both of which showed a single band of 63 kDa in NaDodSO4/PAGE. 2D gel analysis revealed a few spots common to both fractions, although the majority of polypeptides were present only in the eluate, suggesting that some polypeptides had low affinity for the lectin. To determine that the unretained fraction was not due to overloading the column, this fraction was rerun through the lectin column, but none of the polypeptides was bound.
The asialo-derivative of the purified protein showed a single band and the treatment with neuraminidase did not change the size of the antigen.
The purified protein was quite stable at +22°C, as even the a isolation was done at room temperature without apparent lose of antigenicity. Immunization of mice with the 63-kDa protein resulted in antisera that recognized only this single antigen (nonreduced) in the NaDodSO4 iD gel/protein blot enzyme immunobinding procedure (Fig. 4a) . On nitrocellulose blots of a 2D gel run with rabbit whole testicular preparation, two groups of polypeptides of -50 and -70 kDa reacted with the murine antiserum (Fig. 4b) . In addition, a smaller species (=25 kDa) was also stained.
The antiserum was negative in sperm immobilization and agglutination techniques, methods commonly employed to detect anti-sperm antibodies. The ability of antiserum to bind antigen on blots could be absorbed with rabbit ejaculated or epididymal sperm and testis but not by spleen, liver, brain, or kidney, indicating tissue specificity of the antigen.
Artificial insemination of rabbits with sperm treated with the specific antiserum did not affect fertilization rates but resulted in significant inhibition of fertility by 9 days after insemination ( Table 1 ). The antiserum did not show any antiblastocyst activity by the immunofluorescent technique.
The antiserum in immunofluorescence stained mainly the acrosome on methanol-fixed rabbit sperm and the plasma membrane on unfixed viable sperm (Fig. 5 a and b) . On swollen rabbit sperm treated with dithiothreitol and Triton X-100, the antiserum bound to the tail as well as to the midpiece (Fig. 5c ). Both unfixed and fixed human sperm (Fig. 5 d and e) and murine epididymal sperm (Fig. Sf) were also stained by the antiserum. The crossreaction with mouse was further confirmed when homologous antigen of 63 kDa was isolated by using the 8C10.5 monoclonal antibody affinity column.
DISCUSSION
By means of immunoaffinity chromatography with a monoclonal antibody column we have isolated a 63-kDa antigen from DOC-solubilized rabbit sperm and testis preparations. Treatment of sperm with this antibody (8C10.5) causes infertility in rabbits (9) . Use of detergent and elution at elevated pH steps reduced nonspecific protein contamination and this in combination with recycling the antigen fraction through the column gave a relatively pure preparation. The detergent DOC has been used successfully with monoclonal antibody affinity purification of a glycoprotein receptor molecule from swine lymphocytes (26) and the Ia antiged from rat thymus (12) . The antibody-gel columns appear quite stable and we have used our column for >25 times.
The protein on reduction showed two subunits, which, in 2D gel electrophoresis, gave mainly two groups of polypept 1 1.Le.~~~~~~~~~~~~~~~il tides in the 50-70 kDa range. Several lines of spots of the same size but differing in charge were observed. These polypeptides have the same antigenic determinant as demonstrated by immunoblotting. The alteration in charge and size is likely to be due to post-translational modifications, in particular, phosphorylation, deamidation, and the addition or deletion of carbohydrate moieties. That the antigen is a glycoprotein was demonstrated by carbohydrate analysis, periodic acid/Schiff staining, and studies with the lectin lens culinaris. Chromatography of the antigen on the lectin column indicated that some polypeptides bound to the lectin and others did not, suggesting a difference in the terminal sugar between the different molecules of the antigen.
Preliminary data in the mouse suggest that concentration of the antigen is greatest in spermatocytes and decreases in spermatozoa. Antigen isolated from spermatocytes showed multiple major protein bands of low molecular mass besides one of 63 kDa (unpublished studies). These might be nascent incomplete polypeptide chains being synthesized in spermatocytes or degradation products.
Immunofluorescence localized the antigen mainly on plasma membranes and acrosomes of viable and fixed sperm, whereas in swollen sperm it was present on submembranous structures in the tails and midpieces.
Antiserum raised in mouse against the antigen was specific as it recognized only a single protein of 63 kDa in blots of nonreduced testis or sperm preparations. With reduced testis preparations, two bands were observed in 1D gel blots, and in 2D gel blots two clearly defined groups of polypeptides were detected at 50 and 70 kDa.
The polyclonal antiserum was tissue specific, as its activity could be absorbed with rabbit ejaculated or epididymal sperm and testis but not by spleen, liver, kidney, or brain tissue. The antiserum also did not show any reaction with the unfixed frozen sections of these somatic tissues by indirect immunofluorescence.
Although the antiserum was negative in sperm immobilization and agglutination, it did inhibit postfertilization fertility in rabbits. The mechanism(s) by which antibodies produced this effect is presently unclear, although it was not due to polyspermy or parthenogenic activation of eggs. The effect may be on an extranuclear signal(s) from the plasma membrane that is necessary for viable embryo development.
The infertility induced in laboratory animals by immunization with sperm and testis preparations is a result of inhibitory effects on fertilization and early embryo development (3) . Similar effects may be associated with the presence of antisperm antibodies in infertile human couples (1). Immunologic factors have also been implicated in the occurrence of spontaneous abortions in some women (27) . Auto-and iso-antibodies against the 63-kDa antigen, which is found in human sperm, may be of significance in some couples with unexplained infertility, especially those negative by the conventional sperm immobilization and agglutination techniques. 
